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SUMMARY 


In  an  effort  to  develop  a  method  for  the  acoustic  characteri- 
ration  of  gyro  bearings  (both  as  components  and  at  various  stages  of  the 
gyro  buildup),  a  study  of  one  promising  method  was  carried  out.  Sensitive 
(and  discriminating)  acouatic  analysis  (AA)  of  miniature  bearings  has 
usually  involved  the  rigorous  application  of  narrow-band  frequency  analysis 
interpreted  by  means  of  a  sophisticated  and  Involved  mathematical  model. 
Such  a  technique,  however  rigorous  it  may  be,  is  too  slow  and  complex  for 
use  in  a  production  facility  by  relatively  untrained  personnel.  ' 

Of  the  several  real-time,  broad-band  frequency-analysis  methods 
available,  the  high-frequency  resonance  technique  was  determined  by  testing 
actual  NARF  reject  bearings  and  new  bearings,  to  have  the  greatest  potential 
for  ametlng  USN  requirements.  This  technique  involves  the  measurement  of 
high-frequency  structural  resonances  in  the  fixture.  These  resonance  peaks 
excited- by  damage  impacts  in  the  test  bearing,  occur  at  frequencies 
sufficiently  high  (30-30  KHz)  that  background  noise  is  very  low  and  a 
good  slgnal-to-noise  ratio  is  obtained. 


v This  method  has  potential  for  development  into  a  simple,  inex¬ 
pensive  instrument  for  use  in  screening  bearings  and  for  inspecting  gyro 
assemblies 

INTRODUCTION 

In  a  recent  survey  conducted  for  the  Analytical  Rework  Program 
("An  Analysis  of  Maintenance  Procedures  and  Problems  Involving  Miniature 
Precision  Bearings  in  Naval  Avionics  Equipment  and  Aeronautical  Instruments"), 
it  was  found  that  an  efficient  and  reliable  method  was  needed  to  certify 
miniature  precision  bearings  for  instrument  and  gyroscope  applications. 

Test  devices  in  use  at  present  have  not  proven  satisfactory  because  either 
they  are  too  complex  and  time  consuming  or  they  do  not  detect  all  critical 
bearing  defects.  In  addition,  there  is  no  test  device  which  can  check  out 
a  bearing  during  buildup  of  a  gyro.  Considerable  time  must  be  invested 
in  completing  a  gyro  buildup  before  the  gyro  can  be  tested  to  see  if  the 
bearings  have  been  installed  correctly  and  not  damaged  or  contaminated 
during  installation.  The  survey  recommended  that  "Inspection  with  acoustic- 
signature  analysis  (ASA)  is  considered  to  be  a  more  complete  and  objective 
technique  for  determining  overall  bearing  suitability". 

To  carry  out  this  recommendation,  a  program  has  been  initiated 
to  develop  an  ASA  bearing  qualification  system  adapted  to  the  specific 
requirements  for  miniature  precision  bearing  maintenance  in  the  Analytical 
Rework  Program. 

The  determination  of  the  condition  of  a  machine  by  means  of 
its  acoustic  emissions  is  a  diagnostic  technique  as  old  as  machines 
themselves.  Just  after  World  War  II,  an  effort  was  made  to  replace  the 
trained  mechanic's  ear  with  an  instrumented  method  that  could  reliably 
determine  the  condition  of  a  mechanism  quantitatively  and,  furthermore, 
pinpoint  the  problem  area.  In  spite  of  Intensive  research  and 
development  over  the  past  25  years,  the  analysis  of  mechanical  acoustic 
emissions  as  represented  by  ASA  has  not  found  wide  application  as  a  general 
mechanical  diagnostic  technique.  In  certain  areas,  however,  the  technique 
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has  been  applied  successfully  Co  relatively  simple,  precision,  mechanisms. 

One  such  area  is  Che  determination  of  the  condition  of  gyroscope  bearings 

n)* 

under  laboratory  conditions 

Three  general  approaches  have  been  used  in  the  acoustic  analysis 
of  precision  bearing  systems-"* 

*  Narrow  band  frequency  analysis  (NBFA)  wherein  a  high- 
resolution  acoustic  spectrum  of  fundamental  defect 
frequencies  and  harmonics  is  analyzed  using  a  compre¬ 
hensive  mathematical  model  of  the  bearing.  This 

method  does  not  lend  Itself  easily  to  real-time  analysis 

fl  2) 

and  requires  relatively  sophisticated  software.  ’ 

*  Broad-band  frequency  analysis  (BBFA)  (typified  by  the 
approach  used  in  Reference  A),  is  a  technique  that 
has  been  used  successfully  for  real-time  analyses. 

The  technique  is  similar  to  NBFA  in  that  bearing 
condition  is  determined  by  analysis  of  an  acoustic 
spectrum  consisting  of  defect  frequencies  and  their 
harmonics.  A  spectrum  analyzer  having  less  resolution 
than  that  required  for  rigorous  NBFA  is  employed  to 
give  real-time  analysis  capability.  This  technique 
does  not  allow  the  same  level  of  defect  assignment 

as  does  NBFA  and  requires  relatively  sophisticated 
hardware . 

*  Other  methods  have  been  employed  for  acoustic  analysis. 

(3) 

Two  such  methods  are  structural-resonance  analysis  (SRA) 
and  high-frequency  analysis  (HFA).  The  former  method 
uses  the  hardware  surrounding  the  bearing  as  a  resonant 
detector.  Defect  impacts  in  the  bearing  excite  structural 
resonances  that  can  be  measured  using  relatively  simple 
equipment.  The  latter  method  correlates  ultrasonic 
emissions  from  stressed  metals  with  Incipient  failure 
(generally  metals  failing  or  failed  by  fatigue). 

Applying  the  ASA  to  gyro  bearings  on  a  production  basis  is  presently 
without  precedent.  ASA  has  been  applied  successfully  to  gyro  bearings  and 

^References  are  on  Page  20. 
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float-level  assemblies  in  the  laboratory  (see  for  example  Reference  1); 
however,  no  present  gyro  rework  processes  make  use  of  instrumented 
acoustic  methods.  We  recognize  certain  critical  requirements  in  the 
adaptation  of  present  methods  to  a  gyro  production  application.  These 
requirements  are  the  basic  criteria  against  which  the  state  of  the  art 
in  acoustic  analysis  has  been  evaluated  for  this  program  and  against 
which  the  new  techniques  developed  must  be  compared  continually.  These 
critical  requirements  are  summarized  in  Table  1. 


TABLE  1.  CRITICAL  REQUIREMENTS  FOR  AN  ASA  METHOD  TO  BE 

APPLIED  TO  NAVAL  GYRO  REWORK  PROCESSES  •  * 

f 


•  The  method  must  be  simple  to  operate.  Regular  NARF  personnel 
must  be  capable  of  carrying  out  the  analysis  and  inter¬ 
pretation. 

*  The  results-  must  be  unequivocal,  with  a  minimum  of  judgement 
and  engineer/supervisor  involvement. 

•  The  method  should  be  fall-safe  such  that  bad  bearings  do  not 
pass. 

e  The  first  cost  and  operating  cost  of  the  equipment  should  be 
relatively  low,  ideally  not  exceeding  present  NARF 
diagnostic  systems. 

*  The  method  should  be  capable  of  high  production  rates  with  a 
minimum  of  exposure  of  the  bearings  to  damage  and  con¬ 
tamination. 


A  survey  of  the  state  of  the  art  in  acoustic  bearing  analysis 
relative  to  these  requirements  would  seem  to  eliminate  a  priori  the 
candidacy  of  most  narrow-band  techniques  and  ultrasonic  methods.  The 
techniques  involved  are  relatively  complex  and  these  techniques  seem 
not  to  deal  with  relevant  gyro  bearing  defect  conditions.  Thus,  this  study 
focused  on  the  broad -band,  real-time  methods  and  the  resonance  methods 
that  offered  potential  in  meeting  most,  if  not  all,  of  the  critical 
requirements. 


-»  .  ,,e-  \  ■  Ad 
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The  general  approach  was  to  generate  a  mathematical  model  for 
the  expected  acoustic  spectrum  of  a  ball  bearing  and  use  this  model  to 
determine  the  frequencies  of  common  defects  in  a  Navy  gyro  (R4)  bearing. 
These  results  were  then  used  to  design  a  test  fixture  and  to  define  an 
experimental  approach.  The  theoretical  spectrum  was  also  used  to  aid  in 
the  understanding  of  the  experimental  spectra.  Several  candidate  test 
methods  were  then  implemented  and  evaluated  with  regard  to  their  ability 
to  discriminate  bad  from  good  bearings,  and  for  potential  for  development 
into  hardware  and  methodology  meeting  the  critical  requirements  summarized 
in  Table  1. 


ANALYS  IS 


A  defect-frequency  analysis  was  carried  out  in  which  the  major 
forcing  frequencies  of  a  ball-bearing  system  are  predicted.  The  method 
employed  is  baaed  on  prior  work  (Reference  1  and  2)  and  involves  the 
determination  of  the  frequencies  of  specific  geometrical  defects;  i.e., 
race  scratch,  ball  scratch,  out-of-round  ball,  etc.  The  characteristic 
frequency  associated  with  a  single  defect,  as  well  as  those  for  multiples 
of  that  defect  are  calculated  for  a  given  bearing  geometry. 

The  frequencies  predicted  have  been • deve loped  from  a  geometric 

study  of  the  bearing.  For  example,  consider  the  case  of  a  single  scratch  on 

the  outer  race  of  an  inner-race  rotating  bearing.  If  the  bearing  contained 

only  a  single  ball,  it  would  strike  that  scratch  once  per  revolution  of 

the  cage,  because  the  ball  is  constrained  to  move  with  the  cage.  However, 

a  ball  bearing  actually  contains  many  balls  so  that  the  frequency  associated 

with  a  single  outer  race  scratch  will  be  the  cage  frequency  times  the 

number  of  balls,  (N).  The  cage  frequency  is  dependent  upon  the  geometry 

of  the  bearing,  i.e.,  the  ball  and  pitch  diameters,  denoted  by  d  and  0, 

respectively,  snd  the  contact  angle  of  the  balls  and  race,  denoted  by  P. 

The  cage  frequency  (ffi)  will  then  be: 

* 

fc  *  1  '  D  c°*  BJ 


(i) 
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Where  to^  is  the  inner-race  rotation  frequency  (cps).  Therefore,  the 
defect  frequency  (fQ)  of  a  single  scratch  on  the  outer  race  will  be 

Nui.  -  . 

£D  2  L1  '  0  c°s  9  J  •  (2) 

If  more  than  one  scratch  were  present  on  the  outer  race  of  the  bearing, 
the  defect  frequency  would  be  some  multiple  of  that  shown  in  Equation  2. 
Other  geometric  defects  such  as  a  scratch  on  the  ball  or  an  out-of-round 
ball  can  be  modeled  by  a  similar  procedure. 

Table  2  shows  the  defect  frequency  relationships  associated  with 
specific  bearing  defects.  The  linear  frequencies  are  based  on  a  linear 
deformation  model  of  ball-race  contacts.  The  nonlinear  effects  are 
associated  with  nonlinear  deformation  of  the  bearing  structure.  An 
example  calculation  for  a  bearing  used  in  these  experiments  is  shown  in 
Table  3.  The  particular  defect  is  described  on  the  left  hand  side  of 
the  print  out  and  the  frequency  of  single  and  multiple  defects  are  shown 
opposite  it.  The  frequencies  are  given  as  multiples  of  the  inner  race 
rotation  frequency. 

The  vibration  due  to  a  single  defect  predicted  from  the  analysis 
may  or  may  not  be  visible  on  a  frequency  spectrum  of  a  bearing  even  if 
that  defect  is  intentionally  introduced  into  the  bearing.  The  reason 
is  that  the  defect  vibration  acts  as  a  forcing  function  and  the  output 
of  the  accelerometer  (from  which  the  frequency  spectrum  is  obtained)  is 
related  to  its  mounting  on  the  bearing  housing.  If  a  bearing  could  be 
Isolated  such  that  no  housing  was  necessary,  the  forcing  frequencies  — 
bearing  defect  frequencies— would  be  visible.  However,  the  housing 
characteristics  change  the  applied  signal  and  can  be  thought  of  as  transfer 
functions  which  modify  the  applied  vibration.  As  a  result,  the  forcing 
frequencies  may  exhibit  themselves  as  beat  frequencies  superimposed  on 
the  higher  frequency  portion  of  the  spectrum  or  they  may  modify  the 
amplitude  of  the  natural  frequency  vibration  of  the  housing. 
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TABLE  2.  BEARING  DEFECTS  BY 

LINEAR  AND  NONLINEAR 

ANALYSIS 

Surface  Defect 

Vibrational 

Orders 

Ball 

Part 

Imperfection 

Linear  Theory 

Nonlinear  Theory 

(fl) 

Eccentric ityv 

1 

— 

Inner 

race 

Waviness  ^ 

mNf.±l 

mf  +f 

i 

i“  c 

Rough  spot 

mNf1 

— 

Outer 

race 

Waviness;  rough  spot 

mNf 

c 

(ntfcl)f 

c 

Diameter  variation 

fc 

m  m 

Ball 

Waviness 

2mf,±f 

D  C 

•  <• 

Rough  spot 

2mfb 

-- 

(a) 

1  wave 

per  revolution. 

(b) 

Multiple  waves  per  revolution. 

Where 

fb“ 

Ball  rotation  frequency  ■ 

f  d  •s,2  2 

2d  L1  “  VdJ  C0S 

gJ 

i.  * 

Cage  rotation  with  respect 

,  1  +  (  „  )  cos 

0  1 

to  rotating  inner  race 

2  L  x  D  s 

J 

■  *  Multiple  defect  index  (n  »  1,  2,  3,  ...). 
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•  EXPERIMENTAL  METHOD 

Bearing  Test  Apparatus 

The  bearing  test  fixture,  Figure  la,  consisted  of  a  rigid-plate 
frame  in  which  the  test  bearing  was  mounted  with  its  spin  axis  vertical. 

The  upper  plate  supported  the  outer  race  of  the  bearing,  while  a  10-lb 
dynamically  balanced  shaft  was  hung  from  the  inner  race.  Thus,  the  shaft 
provided  a  constant,  known  thrust  load.  The  bottom  of  the  shaft  was 
carried  in  a  self-aligning  bronze  cylindrical  bearing  which  supported  no 
axial  load.  The  shaft  was  driven  through  an  0-ring  belt  from  a  remotely- 
mounted  motor;  therefore,  the  test  bearing  is  the  only  ball  bearing  on 
the  fixture. 

A  piezoelectric  accelerometer  (manufactured  by  Columbia)  was 
Installed  on  the  test-bearing  mounting  block  as  illustrated  in  Figure  lb. 

The  orientation  was  chosen  for  maximum  sensitivity  in  a  radial  direction 
with  respect  to  the  test  bearing. 

The  initial  attempt  at  obtaining  a  bearing- signature  to  deter¬ 
mine  bearing  defects  was  with  a  1/10  octave  band-swept  General  Radio 
filter.  This  method  proved  inadequate  for  distinguishing  discrete  frequency 
peaks— due  to  the  wide  band -width  of  the  filters.  It  was  found  that 
throughout  the  first  ten  harmonic  orders  of  the  rotational  speed  of  the 
bearing  (46  to  460  Hz)  most  of  the  resonance  peaks  merged  to  an  extent 
which  permitted  very  little  extraction  of  information  pertinent  to  bearing 
condition  or  damage  to  its  rolling  elements. 

In  order  to  better  resolve  the  bearing  defect  spectrum  while 
maintaining  a  reasonably  short  analysis  time,  a  real  time  spectrum  analyzer 
was  employed.  This  instrument,  a  Federal  Scientific  UA  500,  provided 
0.01  percent  resolution  from  nominally  DC  to  100,000  Hz.  The  ancillary 
instrumentation  consisted  of  an  Umholtz-Dickie  charge  amplifier,  with  a 
100,000  Hz-frequency  response,  and  an  x-y  plotter.  These  instruments 
provided  500-line  delineation  of  acceleration  amplitudes  for  a  series  of 
frequency  rangles  extending  from  1  to  100  K  Hz.  The  Real  Time  Analyzer 
also  provided  for  manual  selection  of  the  number  of  spectra  to  be  averaged 


(b)  Fixture— Showing  Balanced  Shaft,  Test  Bearing 
and  Accelerometer  Mount 


FIGURE  1.  BEARING  TEST  FIXTURE 
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for  a  given  spectral  plot.  To  standardize  the  experimental  technique 
employed  for  the  bearing  comparisons,  32  spectra  were  averaged  for  plots 
encompassing  0  to  500  Hz,  and  128  spectra  were  averaged  for  each  of  the 
plots,  0  to  5000  Hz,  and  0  to  50,000  Hz.  (The  lower  number,  32,  was 
chosen  because  of  the  long  time  required  for  data  accumulation  in  the  low- 
frequency  range.)  In  order  to  provide  the  multiple  experimental  spectral 
plots  illustrated  in  Figures  2a  and  2b,  each  bearing  was  operated  in 
the  fixture  for  approximately  20  minutes.  An  individual  spectrum  took 
about  6  minutes  for  the  low  frequency  range  and  about  5  minutes  for  the 
middle  and  high  ranges. 


Experimental  Bearings 

All  bearings  were  SR4  size  but  several  different  manufacturers 
were  represented  and  the  design  with  respect  to  shielding  was  not  identical 
throughout . 

Five  of  the  "failed"  bearings,  provided  by  the  Navy,  were  compared 
with  two  new  bearings  and  also  with  two  bearings  which  were  intentionally 
damaged.  The  two  new  bearings  were  Barden  type-VR4SSW4V  (passed  by 
Smootherator  Test),  three  of  the  "failed"  Navy  bearings  (7B,  13A,  and  23C) 
were  also  Barden--presumably  the  same  type  (double  shielded).  The  remaining 
two  "failed"  Navy  bearings  (13  C  and  14CC)  were  manufactured  by  New  Hampshire 
Ball  Bearing  Company  (NHBB).  The  intentionally  damaged  bearings  were:  an 
NHBB  SR4  not  manufactured  to  Navy  specifications  and  a  New  Departure  bearing 
from  the  standard  inventory.  The  NHBB  bearing  was  damaged  by  applying  a 
light-hammer  blow  to  the  outer  race,  thereby  causing  brinelling  of  races 
and  possibly 'flattening  on  one  or  more  balls.  The  New  Departure  bearing 
was  disassembled  and  three  very  close  transverse  scratches  were  scribed 
across  the  outer  race  ball  track  area.  The  effect  of  these  scratches  on 
Che  resonance  spectra  varied  with  the  direction  of  axial  load  application. 
Reasonable  care  was  taken  to  maintain  the  cleanliness  of  the  bearings,  how¬ 
ever,  no  cleaning  and  relubrication  was  carried  out,  except  for  the  ND 
bearing  that  had  been  disassembled  for  scribing. 


Frequency  (He  x  10  ) 


FIGURE  2a. 


ACCELERATION  SPECTRA  (I  TO  50, 000  HZ)  FOR  BEAR INC  C 
NEW  BEARING 


EXPERIMENTAL  RESULTS 


The  acceleration-spectra  plots  (Figures  2a  and  2b)  contain  peaks 
from  several  sources:  (1)  bearing  rolling-element  impacts,  (2)  structural 
resonances  of  the  bearing  support  fixture,  (3)  electronically  produced 
artifacts  originating  in  the  analytical  components,  and  (4)  mechanically- 
induced  resonance  of  the  accelerometer  pickup. 

These  spectra  were  analyzed  in  several  ways.  The  first,  and 
most  obvious,  was  to  compare  the  fundamental  and  lower  harmonics  for 
those  frequencies  determined  by  the  analysis  to  result  from  race  and  ball 
defects.  A  plot  of  resonance-peak  amplitude  and  density  for  four  of  the 
experimental  bearings  is  shown  in  Figure  3.  This  presentation  demonstrates 
a  very  considerable  contrast  between  the  spectral  performance  of  two  "bad" 
bearings,  J 2  and  I,  and  two  new,  presumably  "good"  bearings.  The  mathematical 
model,  described  previously,  was  applied  to  the  R4  bearing  type  and  provided 
information  regarding  the  location  and  identification  of  some  of  the  peaks. 

For  example,  the  major  peaks  expected  for  common  defects  in  an  R4  bearing, 
are  summarized  in  Table  3. 

A  second  method  of  spectral  analysis  was  applied  in  an  effort 
to  develop  a  technique  more  easily  adaptable  to  NARF  requirements.  This 
method  involves  analysis  of  the  high  frequency  portion  of  the  data. 

Impacts,  resulting  from  damage  or  dirt  in  the  test  bearing  can,  under 
the  proper  conditions,  excite  the  structural  resonances  of  the  test  fixture. 
The  excitation  of  such  resonances  is  dependent  upon  the  fundamental  and 
harmonic  frequencies  of  the  impacts  as  well  as  the  coupling  between  the 
bearing  and  the  fixture.  In  our  analysis,  the  fixture  resonances  at  32,000 
Hz  and  37,000  Hz  were  analyzed  with  respect  to  peak  height  and  peak  area. 
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Figure  4  illustrates  the  relative  peak  amplitudes  for  all 
hearings  at  32,000  and  at  37,000  Hz,  The  areas  under  the  spectral  plots 
over  a  frequency  range,  from  20,000  to  45,000  Hz  are  plotted  in  bar-graph 
form  in  Figure  5.  All  the  results  were  normalized  such  that  the  average 
resonant-peak-area  for  the  new  bearings  was  unity.  Corrections  were  made 
to  the  areas  to  account  for  the  different  amplification  factors  employed 
to  record  the  raw  data  and  to  eliminate  the  artifact  peaks*  Introduced  by 
harmonic  effects  in  the  electronic  components. 

Results  shown  in  Figure  4  are  similarly  normalized  to  the 
averaged  linear  amplitudes  from  the  new  bearings.  Since  the  scale  value  for 
unity  (new  bearing  average)  is  the  same  for  both  figures  the  graphed 
results  are  comparable  in  all  respects. 

DISCUSSION 

Comparison  of  the  high  frequency  region  of  the  acceleration 
spectra  appears  to  provide  reasonably  good  discrimination  between  the 
"good"  (new)  and  the  "bad"  (failed  or  damaged),  bearings  which  were  tested. 
Resonance  peaks  in  the  region  above  5,000  Hz  are  due  primarily  to  the 
structure  of  the  fixture  (32,000  Hz)  or  to  the  mounted  resonance  of  the 
accelerometer  (37,000  Hz).  Thus  it  is  reasonable  to  assume  that  peaks 
will  occur  in  this  region  regardless  of  the  particular  vibration 
characteristics  of  a  test  bearing. 

The  relative  performances  based  on  resonance  amplitude  data 
(Figure  4),  shows  good  discrimination  for:  "failed"  Bearing  I  and  for 
damaged  Bearing  J;  fair  discrimination  for:  "failed"  Bearings  C,  F,  G, 
and  damaged  Bearing  B,  and  marginal  discrimination  for:  "failed"  Bearing 
H.  Discriminations  based  on  the  data  shown  in  Figure  5  appear  to  be  more 
pronounced;  however  it  should  be  recognized  that  frequency  and  amplitude 
normalizations  were  chosen  so  as  to  emphasize  the  relative  differences. 


*ln  Che  experimental  data,  spikes  are  presented  in  the  amplitude/frequency 
plot  at  frequencies  of  9500,  19,000,  29,000,  39,000,  and  48,000  cps. 

These  are  introduced  by  the  charge  amplifier  and  were  not  due  to  the 
bearing. 


Dm* (ad  lurim.  'Tailed"  Bearing.  Kaw  Be.rlng. 


Barden 
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A  study  of  fixture  resonances  was  petformed  by  sinusoidally 
exciting  the  fixture  by  an  electrodynamic  shaker.  This  Indicated 
resonance  peaks  were  present  at  approximately  1,000  llz,  2,500  Hz,  3,000  Hz, 
27,000  Hz,  32,000  Hz,  and  37,000  Hz.  In  the  approach  used  in  the  present 
series  of  experiments  only  the  last  two  resonance  peaks  were  evaluated 
and  compared.  There  is  a  possibility,  in  some  cases,  that  lower  frequency 
peaks,  e.g.,  1000  Hz,  2500  Hz,  or  3000  Hz,  might  be  better  indicators  of 
bearing  integrity than  the  high-range  peaks  which  were  chosen  here. 

However,  since  the  high  frequency  region  is  relatively  free  of  extraneous 
noise,  a  better  signal-to-noise  ratio  is  obtained  for  the  high  frequency 
resonance  peaks.  Also  lower  frequency  peaks  may  not  be  as  broad  in 
frequency  as  the  high-range  peaks  and  this  might  lower  their  effectiveness 
as  discriminators. 


CONCLUSIONS 

It  appears  that  the  method  of  analysis  of  the  high-frequency 
resonance  peaks  is  most  promising  for  application  to  acoustic  characterization 
process  for  gyra  and  gyro  bearings.  Not  only  does  this  method  appear  to 
give  the  requisite  discrimination  between  good  and  bad  bearings,  but  it 
also  can  be  adapted  to  relatively  simple,  inexpensive  instrumentation. 

Once  the  real-time  spectrum  analyzer  has  been  used  to  locate  the  critical 
resonance  areas,  the  analyzer  may  be  replaced  by  a  simple  band-pass  filter 
and  suitable  integrating  circuitry  to  give  a  simple  go/no-go  read  out  of 
bearing/gyro  condition. 

Full-scale  implementation  of  the  NOT  method  requires  further 
development  in  two  major  areas: 

*  Development  of  a  prototype  test  device  for  several 
commonly-used  bearing  types. 

•  The  use  of  this  device  to  screen  and  analyze  a  large 
population  of  bearings,  both  new  and  those  which  have 
failed  other  MART  nondestructive  tests.  The  results 
of  the  acoustic  method  should  be  cross  checked  with 
other  NOT  results,  such  as  torque  tests,  visual 
inspection,  etc. 
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Then  the  results  of  this  study  must  be  analyzed  with  respect 
to  the  reliability  of  the  method,  and  the  suitability  of  the  prototype 
unit  for  NARF  service  oust  be  determined.  A  determination  should  be  made 
as  to  how  the  new  NDT  method  fits  into  the  NARF  program,  and  whether  or 
not  other  tests  can  be  waived  when  the  acoustic  method  is  implemented ,  etc. 

In  addition,  an  investigation  to  determine  the  suitability  of 
the  structural  resonance  method  for  the  analysis  of  the  condition  of  gyro 
buildups  should  be  carried  out.  If  the  technique  proves  suitable,  as 
we  believe  it  will,  then  a  powerful  tool  for  monitoring  the  condition 
of  bearings  throughout  the  assembly  of  the  gyro  can  be  developed. 
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